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(54}Tilte: COAGULANT ACIWITY ASSESSMENT IN PRESENCE OF METAL IWS 



(57) Abstract 

Ttiis invention relates to diagnostic methods and test kits for r^idty assessing the coagulant activity of blood by measuring the rate 
of blood clotting vta the presence of certain metal ions. A modulator of coagulation may also be included. Hie coagoJatioo activity of the 
blood of ^ patient in presence of metal ions ami an optional modulator is an indication of the presence or develc^ment of certain 
pathological conditions relating to the procoagulant activity of Uood, including platelet function. Hie effect of metal ions on the viscosity 
of blood is also diagnostically useful. 
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COAGIAj<^ ACnvnV ASSESSMEOT IN PRES6NCB OF 

FIELD OF TBDE INVENTION 

S This mvention relates to diagnostic methods and test kits for iiq>idly assessing the 

coagcdant activity of blood by measming the rate of blood clotting in the presence of certain 
metal ions. Hie coagulation activity of the blood of the patient is an indication of the 
presence or development of certain pathological conditions. 

10 BACKGROUND OF THE INVENTION 

The propensity for blood to clot too rapidly is an important prognosticator for die 
development of, progression of» and recovery fix>m a number of serious pathological 
conditions whose pathogeneses either arise directly fiom or are modulated by the blood 

1 5 clotting process. These diseases include heart attack, stroke, coronary artery disease, deep 

vein thrombosis, and pulmonary mibolism, among otfam. Of these diseases, coronary artery 
disease is the leading cause of mortality in the United States. Furdiemiiore, certain clinical 
conditions may prediq)ose patirats to und^go adverse clotting phenomena, such as vascular 
disease, surgery, trauma, malignancy, prosttietic vascular devices, general anesthesia, 

20 pregnancy, use of oral contraceptives, systeimc lupus oytfaematosus, and Often, 

patients witii acute conditions suspected of resulting fiom clotting abnonnalities appear in the 
CTiergency room. Means for rapidly detecting in a blood sample the propensity for clot 
fi)nnation mxy help rule in or rule out thrombotic events and coagulopathies and improve ttie 
deliveiy of emCTgency health care to those in need, while also offering early identification of 

25 patients who may progress to potentially Idhal clotting pathology. It has been estimated that 
80% of all deadis are associated with a disease in which abnormal clotting phenomena occur, 
principally of blood diat clots too quiddy. 
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Blood dotting is a complex process involving multiple initiators, cascades of activators, 
enzymes, and modulators \^ch ultimately lead to the foraiation of fibrin, which polymerizes 
into an insoluble clot. Classically, the propensity for blood to clot is measured manually or 
automatedly by measuring the time taken for a sample of plasma or blood to fonn insoluble 

S fibrin strands or a clot Clot formation may be detected visually, by observing the formation 
of fibrin strands, or by automated means such as by changes in viscosity or by photo-optical 
detection of the clot in plasma-based assays. The measurement of clotting time may be made 
immediately on fiieshly drawn blood without the need for addition of anticoagulants, or may 
be made on blood containing a calcium-binding anticoagulant such as citrate by adding a 

10 calcium salt to reverse the anticoagulant effect; this latter determination is referred to as 

recalcification time. Determination of the coagulation time has heeai most commonly used 
for the diagnosis of diseases such as hemophilia, von Willd>rand's disease, Christmas disease 
and hepatic diseases, wherein abnormally prolonged clotting times are usually diagnostic. 
Typical methods for the measurement of blood coagulation time which have been 

1 S conventionally employed include those relying on the measurement of prothrombin time 

(PT), the measurement of activated partial thromboplastin time (APTT), the measurement of 
thrombm time, as well as the fibrinogen level test. Detection of a thrombotic event also may 
be performed by measuring the level of soluble fibrin or fibrin degradation products in 
circulatioiL Although many intending serious conditions involving abnormal blood 

20 coagulability might be detectable prior to the occurrence of acute, ledud or near4ethal events, 
altered blood coagulabiUty measurement methods are not presently sensitive enough to be 
diagnostically valuable in identifying all but tiie most abnormal coagulation saniples. 

The PT and APTT tests are not sensitive enough to be used to detect hypocoagulable states, 
25 aiid are generally used to detect conditioiis with prolonged clotting times. These tests are 

usually performed on plasma, which does not contain activated platelets and monocytes, both 
of ^^ch may contribute significantiy to altered coagulation states. Furtiiennore, these tests 
utilize reagents added to the sanq>le which are procoagulants tfaCTiselves and reduce the 
clotting time of plasma from about six minutes to values of about 12 seconds, and 38 
30 secoiuis, for PT and APTT, respectively. By excluding the influence of the cellular 

components of whole blood, sudi as monocytes, these popular measurement methods for 
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clotting time using plasma as desaibed above do not fiiUy provide mflirifmiTn predictive and 
diagoosti c value for thrombotic evoits that may be modulated by the cellular conqponents of 
blood. Furtfaiomore, the monitoring of anticoagulant therapies such as heparin and war&rin 
would be inqnoved if the coagulability of whole blood, lather ttian plasma alone, were 
S measured. The presence of tlierapeuticaUy-adniinistered anticoagulants modulates 
coagulability through cellular as well as soluble (plasma) blood oonstitumts* 

One important initiator and modulator of the blood clotting process is a procoagulant enzyme 
called tissue factor present which may be present in and on the surfaces of both endothelial 

10 cells, which line the vasculature, and monocytes, which circulate in blood. Increased 

expression of tissue factor by these cell types has heexi linked to many thrombotic disorders 
and pathologic states. The ability of monocytes to generate tissue £Eu:tor is well known. 
However, the majority of monoc}^ membrane-associated tissue &ctor is not in an 
enzymatically active form that can initiate clotting; in order to become active, tissue &ctor 

IS must form an active complex with another of the clotting factors. Factor VII or its activated 
form. Factor Vila. The Tissue FactorFactor Vila complex may then activate zymogens 
Factor IX arid Factor X to their ouymatically active forms. Factors Factor Xa 

combines with prothrombin to yield the prothrombinase complex (active procoagulant), 
yielding tiirombin \^ch cleaves fibrinogen, finally yielding fibrin vMch forms the clot. The 

20 level on blood monocytes of the inactive, latent form of tissue fiurtor, and its proclivity to 
become activated and evoitually to form the prothrombinase complex, is a diagnostically 
useful parameter for identifying patiCTts at risk of undeigoing thrombotic events. Tissue 
&ctor has been found on circulating moiKicytes fit>m patients wifii canc^, infections, and 
thrombotic disorder such as heart attack and stroke. 

25 

Methods for the direct measurement of tissue &ctor level have been described. In addition to 
inununoassay procedures, such as that described in U.S. Patrat 5,403,716, the exposure of 
whole blood to endotoxin, as described in U.S. Patent No. 4,814,247 and as described by 
Spillert and Lazaro, 1993, J. Nat Med. Assoc. 85:61 1-616, provides within several hours an 
30 assessment of tissue factor levels. In this invention, the modified recaldfication time is 
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measured in a blood sample esqposed to endotoxin for a period of time adequate for active 
tissue fector to be genmted by monocytes in the sample. 

Kaneko et aL (1994, Br. J. Haem. 87:87-93) drtennined that a monocyte leukemia cell line 
(U937 ceUs) when incubated wiA mercuric ion or silvo- ion in tissue culture had increased 
generadonoftissue factor-dependent procoagulant activity. This increased procoagulant 
activity was postulated to be a resuh of changes of cell surface phosphatidylsmne and other 
membrane changes. 

The invention described herein offers a rapid method for assessment of the thrombotic 
activity of blood by measuring blood clotting time after exposure to certain heavy metal ions 
such as those of m^cuiy and silver. 



SUMMARY OF THE INVENTION 



It is a prindpal object of the present invention to provide a method to rapidly assess the 
overall coagulant properties of a sample of a patimt's blood by exposing an aliquot of the 
blood sample to at least one metal ion, and subsequently measuring clotting time of the 
aliquot by standard methods. When measured on whole blood, the resultant clotting time 
represents the overaU coagulant activity of the combination of die plasma and cellular 
components of the blood, and is indicative of existing or impending pathology arising fiom 
abncmnal coagulability of the blood. The measurement prefoably mcludes the clotdng time 
of a control sample of whole blood without the addition of melal ion, to ^ch the clotting 
time of the aliquot containing the metal ion is compared. Optionally, one or more additional 
aliquots are prq>ared to which are added one or more oth^ metal ions. The preferred metal 
ions are mercuric and silver ion, although othm such as lead, cadmiinn, copp^ and tin also 
provide diagnostically-usefiil information. M^ ions are provided as reagents comprising 
solutions of their salts, preferably aqueous solutions. 



In the practice of the present invention, a whole blood sample is collected from a patient and 
immediately thereafter divided into aliquots. To one aliquot is added merouric ion, and to 
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anotlier optional aliquot, silver ion. Preferably, a san^le of vehicle is added to another 
aliquot which is used as a control. Following addition of the metal ion reagent or reagnts, 
the clotting time of the blood samples are measured by standard methods. This m^hod using 
fireddy drawn blood provides flie fiistest measurement, as native blood is used which initiates 
clotting aft^ being removed fix>m the patient In an alternate and preferred mediod, blood is 
collected from the patient and mixed immediately widi an anticoagulant, such as citrate, 
oxalate, or EDTA, which prevents the blood from clotting by conq>lexing witti calcium ions 
which are necessary for coagulation. The blood can be analyzed immediately thereafter, or 
stored for a period of time before the analysis is p^ormed. The anticoagulated blood is 
divided into aliquots. To one aliquot is added mercuric ion reagent, and to another optional 
aliquot, silver ion reagent. Preferably, a sample of vehicle is added to another aliquot which 
is used as a control. Following an optional incubation p^od, calcium salt is added to the 
aliquots, and the clotting time detennined by standard methods. Addition of calcium salt 
initiates the blood clotting process in the anticoagulated blood 

The utility of the present invmtion may be achieved by the use of either native blood or 
anticoagulated blood. In some instances, plasma may be utilized Factors such as the 
urgency of need for a diagnosis and the availability of instnimentaticm may govern what type 
of sample is used. The selection does not detract from the utilities of the invention described 
herein. The choice of method used for detemuning clotting time is not critical to the practice 
of the invention. 

It is another object of the present invention to provide for a mediod for measuring die 
effectiveness of anticoagulant flioapy, such as that of warfinin or low molecular weight 
hq)arin, by measuring the coagulant activity in a sample of whole blood by first exposing a 
sample of whole blood to metal ions, followed by measuring the clotting time of the blood 
^mple by standard methods. The value of die clotting time or die differences between the 
control value and those of the m^al ions, is useful in monitoring anticoagulation thraapy. 
M^uric and silver ions are preferred, although oth^ metal ions such as lead, cad m i^im^ 
copper and tin also provide diagnostically-usefui infomiadon. 
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It is a further obj ective of the present invention to provide fin: a metho d to monitor the 
recovery of a patient fiom a condition related to adverse blood coagulation by monitoring the 
clotting of blood in accordance with the methods described herein. 

S It is yet another objective of the present inv«tion to provide diagnostic kits for the 

measuzemmt of the clotting time of whole blood and plasma in the presence of metal ion. 
Metal ions are provided as reagents conqprising solutions of their salts, preferably aqueous 
solutions. Mercuric ion and silver ion reagent are prefmed components of the kit 

10 It is yet a further object of the present invention to provide method and kits for determining 
viscosity of plasma or whole blood after exposure to metal ion. 

These and other aspects of the present invention will be better sqppreciated by referoice to the 
foUowing drawings and Detailed Description. 

15 

DETAILED DESCRIPTION OF THE B^VENTION 

Factors which altar the coagulability of blood cause a range of pafliologies. In particular, 
factors which increase the coagulability or prothrombotic potential of blood are in most 

20 instanceshig^y uiidesirable and may lead to serious pathotogic states, for exam^ 

attack, stroke, coronary art^ disease, doep vein thrombosis, and pulmonary embolism. 
Furthermore, certain clinical conditions may predispose patients to undergo advose clotting 
phenomena, such as vascular disease, surgery, trauma, malignancy, tiie presence of prosdietic 
vascular devices, general anesthesia, pregnancy, use of oral contraceptives, systemic lupus 

25 erydiematosus, and infection. These conditions alto: the coagulation state of the blood to 
cause the prothrombotic pathways to predominate and intensify, as compared with tiie 
protective anticoagulant pathways. On the other hand, the objective of anticoagulant therapy 
is to decrease the coagulabihty or prothrombotic potential of blood, in order to avert the 
adverse consequences of a pathological state vMth promotes blood coagulability. 

30 
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The overall coagulability of blood is governed by ftctors contributed by both the soluble 
(plasma) portion of blood as well as that provided by the cellular portion of blood. 
Traditional measures of clotting or blood coagulability typically use plasma, in the measure 
of pioduombm time (FT) and active partial tfaromboplastm time (APTT), among other 
S measures of blood coagulability. However^ these measures using plasma omit contributions 
to blood coagulability provided by the cellular components of blood (platelets and white 
blood cells), and hmce, provide limited diagnostically-useful infinmation. Furthermore, ttie 
propensity for certain cellular components of blood to modulate die blood clotting process 
may not be ^parent when clotting time is measured on a whole blood sample. One example 
10 is the contribution of tissue factor in the measuremait of blood coagulability. As described 
above, tissue fisu^tor is an initiator and modulator of blood coagulation, and may be present on 
vascular endothelial cells and circulating blood monocytes; elevated levels are associated 
with pathologic states. It is present on monocyte predominantly in an inactive or latent 
form, and must become activated before it may participate in the initiation of the clotting 
IS process. Latent tissue £u:tor present on the ceU membrane ofmonocytes may become 

activated and promote blood coagulation in vivo, and h&acc ttiis activity may be responsible 
for pathological conditions; yet coagulation tests on whole blood may not be soisitive to this 
important componmt of the overall coagulability of blood. In addition to tissue fiictor, other 
components present in or on the cellular componoits of blood may also modulate blood 
20 coagulabihty and also coiHribute to the propenaty for blood to clot in vivo. It is desirable to 
provide an in vitro assessment of the overall coagulability of blood which represents the 
propensity for blood to clot in vivo» to provide fte health care professional with 
diagnostically and clinically useful data for assessing the patioit's condition, selecting the 
proper course of flierapy, as well as monitoring the rate and effectiveness of surgical and non- 
25 surgical therapies. A rapid assessment me&od of overall blood coagulability \^ch 

saisitively addresses the contributions of both the cellular and noncellular components of 
blood is heretofore unavailable. 

The invention described herein provides a method for measuring die ovsbII coagulability of 
30 whole blood. This is achieved by exposing the blood sample to metal ions, preferably 

mercuric ions, and sq>arately sitvo- ions, before or during the measurement of clotting time. 



1 
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It has beeo found tbat the coagulability of whole blood the pres»ce of mercury salts is 
indicative of coagulation factors contributed by cellular components of the blood; likewise, 
the coagulability of whole blood in tiie presmce of silver salts is indicative of coagulation 
factors contributed by bodi the plasma and cellular conq)onents of blood. By measuring 

S blood coagulability in the presmce of mercuric ions, and separately in the presence of silver 
ions, as conq>ared to a control without metal ions, an assessment of the overall coagulability 
of whole blood may be obtained fix)m which dis^nostic and clinical utility may be drawn, 
hidividually, the coagulability with each of the metal ions provides certain diagnostically and 
clinically useful information. Other metal ions such as lead, cadmium, copper and tin may 

10 also provide dii^ostically-usefiil information. 

While the theory of the invention is not fiilly understood, nor do Applicants wish to be bound 
by any theory of the invention, it is believed that the addition of the metal ions of the preset 
invention to whole blood prior to and/or during the copulation process alters die 

1 S coagulabihty of blood which more closely reflects the thrombotic potmtial of blood while in 
circulation. Chie important cellular factor respoiisible for modulating coagulabihty 
is the monocyte-gcnerated protein, tissue factor. As described above» tissue factor is a 
procoagulant (prothrombotic) emcyme^ present on the sur&ce of these cell types. It is 
normally presait in an inactive state, but becomes activated under certain conditions in vivo, 

20 promoting die coagulability ofblood and thus may contribute to pathology. Traditional 
measures of blood coagulability using plasma do not measure die potential for monocyte 
tissue &ctor to become activated and increase the coagulability of blood Theoretically, the 
exposure of monocytes to meroury salts iK^tivates the latent tissue £Eictor that in vivo would 
contribute to protfirombotic activity; dius the measure of clotting time in the presence of 

25 mercuric ions represents aay inoeased procoagulant activity resulting from latmt tissue 

&ctor. As will be seen in the examples below, the in^eased coagulabihty of whole blood in 
the pres^ice of mercuric ions correlates with pathological states deriving from abmant blood 
coagulability. 

30 The same methods as described above for measuring the clotting time in the presence of 
meramc ions also lilies to silver ions. Whilethe^yplicantsdonotwish tobeboimdby 
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theoiy, &e tfaeoxctical basis for the efifect of silver salts ia altering blood clotting involves a 
di£Gaent mechanism than that of mercuric ions, and the diagnostic and clinical utility of the 
value obtained fix>m silver ions is differrait Silver salts appear to interfere with the activity of 
anticoagulant piotefais present in tiie blood saiiq)le, possibly by interacting with sulfliydral 

S groups present on anticoagulant proteins or their binding partners, for example, antiduombin, 
protem C, and protein S. Silver ion may react with sulfur-containing functional groups or 
with amino, carboxyl, phosphate groups, among odiers. By int^ering with anticoagulant 
proteins, the addition of silver salts to a whole blood sample decreases the clotting time, and 
this decrease appears to be related to the level of anticoagulants relative to procoagulants 

10 present in the blood sample. Silver ion, unlike mercuric ion, shortens the clottii^ times of 
bodi whole blood and plasma. Silver ion is relatively non-toxic, as is employed in topical 
antibactoial creams such as that containing silver sul&diazine for bum patients, and is also 
taken orally as a smoking deterrent Its propensity as a procoagulant has been known as it 
has been used historically as a cauterizing agent, to stop external bleeding, such as nosebleed. 

15 

FurdiCTiore, in contrast to the above-cited modified recalcification time test in which 
radotoxin incubated wiOi a whole blood 8anq>le induces the synthesis of tissue factor which 
dien influences the coagulant properties of the blood sample, die m^od of the present 
invention does not measure the effect on blood coagulability resulting fiom tissue fector 
20 synthesis, but the influence on blood coagulability by tissue &ctor present in a latent form, as 
it has been found that in the presoKe of mocuric ions, no protein synthesis by monoqrtes is 
required to demonstrate attered clotting time. Theor^calty, mercuric ion transforms latent 
tissue fiu:tor into an active form, and the assay measures only latent plus active tissue &ctor, 
and not that vMch maybe synthesized de novo during the incubation period 

25 

The method of the present invffltion may be perfbmied with firesh whole blood, to which 
metal ions axe added, preferably mercuric and optionally also silver, followed by 
measurement of the coagulability of the blood sample by standard methods. Alternatively, a 
blood sample may be collected in the presence of an anticoagulant, such as citrate, oxalate, 
30 EDTA, etc. Subsequently, metal ions such as m^uric ions or silv^ ions may be added, 

followed by an optional incubation penod, and then the coagulability of the blood determined 
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by Standard metfiods. In the instance where dien blood is coUected with an 
effect of the anticoagulant m die blood sample must be reversed at die time that blood 
coagulability or clotting time is measured. This is acoonq)lished by the addition of a caldum 
salt, such as calcium chloride. The measuremCTt of clotting time on a sample of 
5 antiooagulated blood by the addition of a calcium salt to reactivate the clotting process is 
referred to as the recalcification time. 

The metal ions of the present invention include, but are not limited to, mCTCuric ion, silver 
ion, ion, cadmium ion, copper ion, barium ion, tin ion, selenate ion and tungstate ion. 
10 Mercuric and silver ions are preferred. These metal ions are provided in the form of a 
reagent, preferably a soluble metal salt m aqueous solution, such as mercuric diloride or 
silver nitrate. The concentration of the metal ion salt in the reag^t is provided so that it may 
be easily added to the blood sanaple to provide the proper final concentration in order to carry 
out the method of the present inventioiL 

15 

Determination of clotting time by the method of the present invention may also be performed 
in the presence of certain additional compounds which may also provide useful information 
of diagnostic and clinical utility in die identification and monitoring of certain disease states 
related to thrombosis. Conqpounds such as homocystdne, tissue fiictor, Russells' vq)^ 

20 venom and other procoagulantvenmns is contenqilated. Other compounds which modulate 
the clotting process are also contemplated. Homocystdne is a metabolite ttat is present in 
circulation at mcreased levels in patioits with a predisposition to atfaeiosclarosis. An 
elevated homocysteine level is a marker for increased tiuombotic complications. Howev^, 
when homocysteine is added to blood and the clotting time detomined, it was found to have 

25 no intrinsic procoagulant effect Whenhomocysteine was added to bloods containing either 
silver or mercuric ions, the reduction in clotting time was greater than that induced by metals 
alone. Thus, die use of these m^als enabled the detection of a thrombotic state induced by 
homo^steine which was not odiowise detectable. 

30 Otfa^ modulators of the clotting process conten^lated for use in the present invention 
include procoagulants such as tissue factor, protturombotic vmoms, thrombin, platelet 
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activatiiig fector, fibrinogo, kaolin, celite, adenosine diphosphate, arachidonic acid, 
collagen, and ristocetin. Factors with anticoagulant activity useful as modulators of the 
clotting process of the present invention include Protein C, protein S, antidnrombin UI, 
thrombomodulin, tissue plasminogen activator, urokinase, streptokinase, and Von Willdirand 
S Factor. Additionof therq>eutic drugs which may modulate die coagulant activity of blood 
may also be used as modulators in the presat invention. In addition, cancer cell e3Ctracts and 
amniotic fluid may also be used as modulators. 



10 Tissue factor, as described above, is an initiator of the blood clotting process. Addition of 

tissue factor to whole blood in accordance with the methods of the pr^OTt invmtion provides 
information related to the presence and or activity of oth^ critical factors in the clotting 
process. Russells* viper venom is a procoagulant that accelerates clotting by activating 
Factors V and X. The synergistic procoagulant effects of Russells' viper venom (which 

1 5 activates Factor X directly) and ecarin (activates prothrombin directly) with mercuric and/or 
silver ion enable, in part, the determination of coagulation pathway disorders in hiunans with 
different diseases. They may also be of aid in monitoring anticoagulant therq}ies, such as 
those using low molecular weight heparin, hirudin, oral anticoagulants, or dm>mbolytic 
agents such as tissue plasminogen activator and strq>tokinase. 

20 

The mediod for measuring whole blood clotting time in the present invention may be any of a 
numb^ of procedures available in the art, including manual, semiautomated and automated 
procedures, and their corre^onding equipment or instruments. For example, die 
SONCXXOT® Coagulation Analyzer, available fix>m Sienco, Inc. measures viscoelastic 

25 prop^es as a fimction of mechanical impedance of the $anq)le being tested. Such analysis 
is very sensitive to fibrin formation, thereby providing inqiroved sensitivity and 
rq)roducibility of results. Anoth^ device, the thrombelastograph (TEG), whidi can also be 
used for measuring viscoelastic properties. An example of this type of instrumentation is the 
computerized thrombelastograph (CTEG), fiom Hagioscope Corp. The SONOCLOT(R) 

30 and CTEG are capable of recording dianges in the coagulation process by measuring changes 
in blood viscosity or elasticity, respectively. A complete graph of the entire process is 
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obtained. Other instnimeats such as the HEMOCHRON(R) measure clotting time but do not 
provide a graph of the change in a clotting parameter as a function of time. 

In one embodiment of the invention, where the assays are performed on an emergent basis, 

S for exaxKq>le, in the emergency room on a patient suspected of having an acute thrombotic 
event such as aheait attack or stroke, no anticoagulant need be used and the assays may be 
performed directly with a fresh blood sanq)le. The necessary reagents may be preloaded into 
the coagulation analyzer, and the clottmg times in the presence of mercuric ions and, 
separately, silver ions determined, preferably along with that of a control sample without the 

10 addition of metal ions. Better reproducibility is obtained if the blood is first collected with an 
anticoagulant that binds calcium, such as citrate, oxalate, EDTA, etc., and the clotting times 
made subsequently under traditional laboratory conditions. In order to initiate clotting in a 
sample containing one or more of these anticoagulants, calcium salt must be added. 
Addition of calcium salts to overcome the anticoagulant activity initiates the clotting process, 

1 S and tfie time for the fommtion of fibrin polymers referred to in this instance as the 

recalcification time. As an example ofthep^ormance of the assays on anticoagulated 
blood, S |il of S% mercuric chloride is added to a 49S fil sample of citrated blood; 5 ^1 of 5% 
silver nitrate is added to a second 495 )U sample of citrated whole blood, and S ^1 of water is 
added to a third sample. After mixing the samples, they are placed in a 37 C incubator for 10 

20 minutes. After the optional incubation period, 300 |il of eadi sanq>le is mixed with 40 (il of 
0.1 M caldum chloride, and the recalcification time (the time necessary for fibrin to form) is 
measured by automated instrumentation. The difference between the recalcification time of 
the control versus the samples containing metal ions is used diagnostically to indicate if the 
patient has abnormal blood coagulability and is in need of medical intervention. 

25 

In a further embodiment of the invoition, a test kit is provided for determining coagulability 
in wldcb metal ion and other reagents at the proper concmtrations are provided in order to 
determine the clotting or recalcification time using clotting time instrumoitation. 



30 



Another utility of the present invention is in identifying abnormalities in the viscoelastic 
prop^es of whole blood or plasma. The changes in the relative viscosity of whole blood or 
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plasma induced by tiie addition of metal ions is diagiH)stically useful. Metal ion reagent may 
be added to a sample of anticoagulated plasma or whole blood, and after an optional 
incubation period, viscosity detennined, preferably along with a control diat does not 
contain a metal salt. 

5 

The following examples are presented in order to more folly illustrate the preferred 
CTibodiments of die invention. They should in no way be construed, however, as limiting the 
broad scope of the invention. 

10 General methodology ^ Fresh blood or anticoagulated blood collected with citrate was 

used. Clotting time was d^ermined using a SONOCLOT(R) Coagulation Analyzer. 
Incubation times of blood specim^ with the metal ion reagents of die present invention is 
carried out for ten minutes, unless indicated otherwise, to insure the sample is at or near 
37 ^'C, the required temperature for all clotting tests. In some examples, no preincubation of 

1 5 the metal ion with the blood or plasma sample was p^ormed. After incubation, calcium salt 
is added to the citrated whole blood sample to initiate clottuig, and the clotting time 
detennined Bloods are not exposed to any procoagulant surfaces ex vivo. The clotting time 
of anticoagulated blood wherein clotting is initiated by addition of calcium salt is often 
iq)ecificaUy referred to as recalcification thne, and generally refinred to as clotting time. 

20 

Mercuric ion reagent is in the form of S% HgCla (184 mM) and silver ion reagent S% AgNOs 
(294 mM) in aqueous solution. A ratio of 5 (U m^ ion solution plus 495 )a1 citrated whole 
blood, or 10 yl metal ion solution plus 990 ^1 citrated whole blood, is used, unless otherwise 
indicated. As a control, water was used in place of the metal ion solution. To initiate clotting 
25 by recalcification, 300 ]il of the citrated whole blood / metal ion solution is mixed with 40 ^1 
O.lMCaCli- 

EXAMPLE I 

COMPARISON OF RECALCfflCATION TIME OF CmiATED PLASMA TO THAT OF 
30 CTTRATED WHOLE BLOOD, IN THE ABSENCE AND PRESENCE OF MERCURIC 

ION 
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The recalcification time of citrated plasma and citrated whole blood samples &om the same 
patients were evaluated in the absence of meicuric ion (n=12 samples). The plasma 
recalcification time was 634 ± 260 seconds (mean ± standard deviationX whereas that of 
whole blood was 426 ±131 seconds. The reduced recalcification time of i^ole blood versus 
plasma is attributed to procoagulants associated with the cellular portion of blood, principally 
platel^ and monocytes. 



The effect of mercuric ion on the recalcification time of plasma and whole blood was 
evaluated on a difGa^t set of patient samples, following the General Methodology above. 
The results are presented as follows. 



Sample treatment 


Recalcification time (seconds) 


Citrated whole blood 


Plasma 


Control 


28U51 


424 ±120 


Mercuric Ion 


187 ±19 


1701 ±649 



In citrated whole blood, mercuric ion significantly reduces die recalcification time 
whra compared to control However, in plasma, mercuric ion significantiy prolongs 
recalcification time. Thus, the effect of mercuric ion during the clotting of \^ole blood is to 
increase any procoagulant effect contributed by the cellular components of the blood. 

These experiments dononstrate that the cellular components of blood contribute to the 
procoagulant activity of blood and tiiat die addition of mercuric ion fiiither increases the 
procoagulant activity thmby reducing the clotting time. 



EXAMPLEH 

EFFECT OF INCUBATION TIME ON MERCURIC lON-ACTTVATED 
RECALCIFICATION TIME 
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Following &e General Metbodology above, whole blood was mixed with mercuric 
ion and incubated for 10» 20, and 30 minutes before addition of calcium chloride and 
measormmtofrecaldficationtime. Ten samples were evaluated per time point Hie 
following recalcification times were measured: 



Incubation time with HgCla (minutes) 


Recalcification Time (minutes) 


Control (no HgClj), 10 minutes 


4.6 ±1.1 


10 


2.8 ±0.8 


20 


3.1 ±0.8 


30 


3.1 ± 1.0 



Urns, increasing incubation time does not change the mercuiy-ion activated recalcification 
time. The desired effect is achieved afi^ 10 minutes of incubation, when campaici to the 
control. 



EXAMPLEm 

EFFECT OF MERCURIC ION CONCENTRATION ON RECALCIFICATION TIME OF 

CITRATED WHOLE BLOOD 



Following die Methodology above, three iSnal concentrations of m^uric chloride 

were tested: 1800 fiM, 3600 nM, and 9000 jiM (corresponding to the addition of 10, 20, and 
50 (il, respectively, of 5% HgClj to 1000 pJ blood). Ten sample were evaluated per 
experimmt. The following recalcification times were found: 



Final mercuric chloride concentration 


Recalcification tinie (sec) 


0 


339 ±134 


1800 mM 


234 ±110 


3600 |iM 


227 ±93 


9000 )iM 


235 ±148 



W099/4161S PCTAJS99/W792 

It is aqppazent ftom the above data that all ttuee conoeatratioiis of moxuric ion produced the 
equivalent effect; 1 800 was selected for all fuith^ studies unless otherwise noted. 

EXPERIMENT IV 

EFFECT OF SIMULTANEOUS CALCIUM SALT AND MERCURIC ION ADDITION 

To citrated whole blood was added simultaneously mercuric ions (0.9 mM HgCy and 
calcium chloride and the recalcification time determined immediately thoeafter. Ten 
samples were evaluated per experiment. The control sample (calcium salt alone) showed a 
recalcification time of 9.6 ± 1 .8 minutes, versus 7.3 ±1.9 minutes (p < 0.0001) with mercuric 
ion. Thus, no preincubation of blood with mercuric ion is necessary to demonstrate a 
significant effect of mercuric ion on recalcification time. 

EXPERIMENT V 

EFFECT OF MERCURIC ION ON THE RECALCIFICATION TIME WHOLE BLOOD OF 
PATIENTS UNDERGOING HEPARIN ANTICOAGULANT THERAPY 



Recalcification times were determined for patients undergoing anticoagulant therapy with 
heparin, versus non-anticoagulated patiots. In addition, prothrombin times and activated 
partial tfaiomboplastin times were detennined for all patimts. 



Measurem^t 

(n=23 for both groups) 


Patients not imdergoing 
anticoagulation therapy 


Patients imdergoing 
anticoagulation therapy with 
h^>arin 


Prothrombin Time 


10 to 14 seconds (normal 
range) 


16±5 seconds 


Activated Partial 

Thromboplastin Time 


24 to 38 seconds 

(normal range) 


S5± 16 seconds 


Control for below 


291 67 seconds 


475 :i: 104 seconds 


Mercuric ion-activated 


234 ± 57 seconds 


344 109 seconds 
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As expected, patients undergoing heparin anticos^ant thenipy had long^ prothrombin times 
and activated partial fhromboplastm times than non-anticoagulant-treated patients. The value 
for tfie control for the mercuric ion-activated recalcification time (no mercuric ion) of the 
S heparin-tieatedpatiaits was longer than the nontreated patients, also as e3q[>ect The 
mercuric ion-activated recalcification time value with mercuric ion for ttie treated patients 
showed a relatively greater reduction (28% ) than the nontreated patients (20%). The 
mercuric ion-activated recalcification time may be a useful marker for morc effective heparin 
anticoagulant ther^y monitoring. 

10 

In the next experiment, the effect of the level of heparin on recalcification time was 
detCTnined: 



Sample (i¥=8) 


Recalcification time in tiie 
absence of mercuric ion 

(seconds) 


Recalcification time in the 
presrace of mm^isic ion 

(seconds) 


Control (no hq>arin) 


266 ^61 


164 ±41 


Plus 0.15 U/ml hq>arin 


364±84 


249±59 


Plus 0.3 U/ml heparin 


517 ±132 


314 ±85 


Ptas 0.5 U/ml hq)arin 


918 ±372 


566 ±220 



20 Thus, increasing concentrations of hq>arin prolong the recalcification time of citrated whole 
blood, both in die absence and in the presence of mercinic ion. The ntiercuiic ion-activated 
lecalcificadon time may be used to monitOT heparin Hiexapy. 



25 



EXAMPLE VI 

EFFECT OF MERCURIC ION ON WHOLE BLOOD INCUBATED WITH 

HOMOCYSTEINE 
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Homocysteine is found in elevated levds in circulation in patients witfa floombotic diseases, 
such as atfaeroscloosis. 



Sample treatment (n=12) 


Recaldfication time (seconds) 


Control 


247 ±37 


Plus homocysteine (100 |iM) 


254 ±49 


Plus meicuric ion (1.8 mM) 


170±42 


Homocysteine plus mercuric ion 


145 ±37 



10 Homocysteine alone shows no procoagulant effect whm added to citrated whole blood when 
compared to the c(mtrol. However, m^curic ion and homocysteine together show a reduced 
recaldfication time when compared to dther alone. Therefore, the mw:aric ion-activated 
recaldfication time may be used to d^ect a proco£^[ulant state induced by elevated 
homocysteine levels. 

15 

EXAMPLEVn 

EFFECTS OF SILVERION ONTHERECALCinCATIONTIME OF CITRATED 

PLASMA 

20 Silver ion was mixed with citrated plaana and the recaldfication time determined: 



Sample (n=7) 


Recaldfication time (seconds) 


Control 


584 ±481 


silver nitrate (2.9 mM ) 


324 ±366 



25 

Silver ion significantly reduced the recaldfication time of plasma. 
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EXPERIMENTVm 

EFFECT OF HEPARIN AND HOMOCYSTEINE ON SILVER ION- ACTIVATED 
RECALCmCATION TIME OF WHOLE BLOOD 

The efifect of hq)arin and homocysteine on ttie silver ion-activated lecaldfication time was 
assessed as follows: 



Saiiq)le(n=10) 


Recalcificadon time (sec) 


Control 


311 ±57 


silver nitrate (2.9 mM) 


127 ±41 


heparin (0^5 U/ml) 


524 ±178 


silvCT nitrate + heparin 


174 ±90 




Sample (n=10) 


Recalcification time (sec) 


Control 


305 ± 77 


silver nitrate (2.9 mM) 


121 ±45 


homocysteine (100 )iM) 


341 ±86 


silver nitrate + homocysteine 


105 ±46 



As shown in the above table, mlvcac nitrate reduces the recalcification time of blood. Heparin 
prolongs the recalcification time as compared to control, as &q>ected, but the combination of 
heparin and silver nitrate overcomes the majority of the hqiarin effect 

Furtfaennore^ homocysteine prolongs ttie recaldfication time of blood. Inclusion of silver 
nitrate potmttates the in-vitro pro tfa ro mbotic effect of homocysteine. 

The effect of silver ion on citrated whole blood containing various concentrations of hq[>aiin 
was studied: 
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Sample (n=8) 


Recalcification time in the 
absence of silver ion (sees) 


Recalcification time in the 
presence of silver ion (sees) 


Control (no heparin) 


277 i 89 


72 ±13 


Plus 0.15 U/ml hq)arin 


355 i 131 


96 ±43 


Plus 0.3 U/ml hq>arin 


484 rb 256 


122 ±50 


Plus O.S U/ml heparin 


748 ±306 


198 ±89 



Thus, increasing concentrations of heparin pmlong the recalcification time in the presence of 
silver ion. The silver ion-*activated recalcification time may be used as an efifective monitor 
of heparin ibeiBpy. 

EXAMPLE IX 

THE EFFECT OF SD-VER AND MERCURIC IONS ON TISSUE FACTOR- AND 
RUSSELLS' VIPER VENOM-ACCELERATED RECALCOTCATION TIME 



15 Tissue &ctor initiates the extrinsic pathway of blood coagulation. Russells' viper venom 

accelerates clotting by activating Factors V and X. In the following experiments, tissue fector 
was used at a final concCTtratton of 0.25% of Prothrombin Time Reagent (tissue factor) and 
Russells' vip^ venom at 20 \ig/inl. Citrated wtole blood was used. 



Sample (n=8) 


Recalcification time (sec) 


Control 


258 ±52 


Tissue factor (0.25%) 


122 ±32 


silver nitrate (2.9 mM) 


106±2S 


mercuric chloride (1.8 mM) 


183 ±63 


silver nitrate + tissue factor 


78±20 


mercuric chloride + tissue factor 


128 ±41 
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Sample (n=8) 


Recalcification tune (sec) 


Control 


259 ±44 


Russells' viper venom (20 (ig/ml) 


129 ±35 


silver nitrate (2.9 mM) 


82±43 


mercuric chloride (1.8 mM) 


166 ±35 


silver nitrate + venom 


62±24 


mercuric chloride + venom 


114±22 



Tissue &ctor and Russells' viper venom reduced ttie clotting time wh« coiiq>ared to the 
10 controls. The silver and mmuric ion clotting times in the presence of tissue &ctDT or 

Russells' vip^ vmom are reduced compared to those of the metal ions alone or tissue fector 
or venom alone. Tissue &ctor initiates the extrinsic clotting cascade viiiereas Russells' viper 
venom activates both Factor V and X of the clotdng cascade. Clinical states, including those 
which are asymptomatic, in vMch these factors are present in tibieir activated forms are those 
is witti increased thrombotic tendencies. These reagents will facilitate a mcMre extrasive test of 
blood san^les for coagulopathies. 

EXAMPLE X 

THE EFFECT OF HIRUDIN ON MERCURIC ION- AND SDLVER-ION ACTIVATED 
20 RECALCIFICATION TIMES 

Hie antitfarombin anticoagulant hirudin was used at a concentration of 0. 1 U/ml to evaluate 
the effect of metal ions on coagulation time. 



Sample (n=7) 


Recalcification time (sec) 


Control 


281i:4S 


Silver nitrate (2.9 mM) 


114±27 


Mercuric diloride (1.8 mM) 


16SJ:18 


Hirudin (0.1 U/ml) 


366 ±49 


Hirudin plus silva ion 


103 ±31 


Hirudin plus mercuric ion 


255 ±75 
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Hinidin in the presence of mercuric ion significantly prolongs clotting time compared to 
mercuric ion alone. Mm^iric ion-activated clotting times may be useful in monitoring 
patients being treated with hirudin chronically for thrombotic events such as deep vein 
5 fluombosis or acutely for various procedures such as angioplasty. 

EXAMPLE XI 

EFFECT OF HIRUDIN ON ECARIN-, MERCURIC ION-, AND SILVER ION- 
ACTIVATED RECALCMC ATION TIMES 

10 

Ecarin is the venom of the snake Ediis carinatus . It activates prothrombin, even in 
anticoagulated blood, to more r^idly gen^e thrombin. Ecarin (5 ^1 of a 0.01 mg/ml 
solution per 340 jil of blood) was placed dnectly into a cuvette into which the blood sample 
was added. 



Sample (n=4) 


Recalcification time (sec) 


Control 


276 ±72 


silver nitrate (2.9 mM) 


75 ±24 


mercuric chloride (1.8 mM) 


151 ±35 


Ecarin (1 50 ng/ml) 


131 ±27 


Hirudin (0.1 U/ml) 


239 ±103 


Ecarin plus silver nitrate 


68±10 


Ecarin plus menniric chloride 


113±14 


Hirudin plus ecarin 


169 ±5S 


Hirudin plus sOva nitrate 


95 ±20 


Hirudin plus meivuric diloride 


249 ±65 



These data show that in die absence of hirudin, silver ion, mercuric ion, and ecarin all shortm 
clotting time compared to the control. In the presence of hirudin all of the clotting times "were 
elevated, Tho^fore, these reagents alone or in combination may be usefid for monitoring 
30 hirudin and hq>arin anticoagulant therapy. 
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EFFECT OF LEAD AND CADMIUM ION ON RECALCIFICATION TIME 

In this experiment the effects of lead nitrate and cadmiwm sul&te on clotting time were 
S evaluated. A S% aqueous solution ofdieseoonq[K>unds was used. 



Sample (n=8) 


Recalcification time (sec) 


Control 


315 ±78 


silver nitrate 


97 ±35 


mercuric chloride 


196 ± 47 


lead nitrate 


866 ±63 


cadmium sulfiite 


902 ±3 



As opposed to the shortening of recalcification tnne caused by mercuric and silv^ ion» lead 
and cadmium ion significantly prolong recalcification. This efifect may be used to monitor 
15 various coagulopathies. 

EXPERIMENT Xm 

EFFECT OF SILVER ION AND MERCURIC ION ON THROMBIN- ACCELERATED 

RECALCIFICATION TIME 

20 

Thrombin, a potent procoagulant, reacts with fibrinogen to produce fibrin, the clot 
Thrombin is used in fibrin glues (conqprising thrombin, fibrinogen and otha* reagents) to seal 
wounds and to stop bleeding, and as a hemostatic agent in spray form, i.e., topical thrombin. 



25 



Thrombin was used at a oonceotration (0.017 U/ml) diat was not sufficient to clot 
anticoagulated blood without the addition of calcium. 
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Sample (n=8) 


Recalcification time (sec) 


Control 


262 ±37 


thrombin (0.017 U/ml) 


143 ± 24 


sHwer nitrate (2.9 mM) 


104±18 


merouzic chloride (L8 mM) 


167 ±35 


thrombin plus silver nitrate 


79 ±17 


thrombin plus mercuric chloride 


116 ±37 



Both mercuric ion and silver ion potoitiate the thrombotic effects of thrombin. 



EXPERIMENT XIV 
EFFECT OF MERCURIC ION AND SILVER ION ON BLOOD VISCOSITY 



A SONOCLOTpi) viscosity analyzer was used to evaluate the effects of mercuric ion and 
silver ion on the viscosity of anticoagulated ^^le blood. 



Sample (n=8) 


Viscosity units 


Control 


25 ±2.9 


mercuric chloride (2.9 mM) 


27 ±4.8 


silver nitrate (1.8 mM) 


29 ±3.6 



Both silver ion and mercuric ion significantly increase the viscosity of blood. 



EXAMPLE XIV 

EFFECT ON REC ALCinCATION TIME OF THE COMBINATION OF SILVER ION 

AND MERCURIC ION 
The effect of the combination of m^ruric ion and silvo: ion was evaluated. Mmuric nitrate 
was used as the source of mofcuric ion instead of the chloride sah in these ejqieriments, 
because the latter in combination with silver ion would result in the precipitation of silver 
chloride. 
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Sanq>le (if=6) 


Recaldfication time (sec) 


Control 


354 ±91 


silver nitrate (2.9 mM) 


116 ±54 


mercxmc nitrate (1.8 mM) 


245 ±99 


silv^ nitrate phis mercuric nitrate 


117±61 



Although on average there were no significant changes betwera silver ion alone and silver 
plus mercuric ion, in one of the six samples, a 27% reduction in recalciiication time by the 
two metal ions alone compared to silv^ ion alone was observed. 

10 

EXAMPLE XV 

EFFECT OF SILVER ION ON RECALCmC ATION TIME OF PLATELET-DEPLETED 

AND PLATELET-RICH PLASMA 

IS Platelets, which contain factors which initiate the blood clotting process, are often provided 
to patients who are platelet-deficient and have as a result a reduced coagulability of the blood. 
Platelets are provided to such patients in the fonn of a transfusion of platelet-rich plaana, 
which is prq>ared fiom whole blood by a slow-speed coitrifugation process whereby the red 
blood cells and white blood cells are separated but the lighter platelets are left with the 

20 plasma. In contrast, a high-speed coitrifugation and r^oval of all solid components of 

blood provides platelet-dq)leted plasma. The latter contains blood coagulation &ctors, but no 
platelets. 

The effect of silver ion on the recalcification time of these plasma preparations was 
25 evaluated. 
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Saaoople (ii=8) 


Recalcification time (seconds) 


Control, citrated ^^le blood 


262 ±26 


citrated whole blood plus silver nitrate (2.9 mM) 


109 ±20 


Control, platelet-rich plasma 


314 ±70 


platelet-rich plasma plus silver nitrate 


83 ±30 


Control, platelet-depleted plasma 


353 ±62 


platelet-depl^ed plasma plus silver nitrate 


128 ±32 



The addition of silver ion to citrated whole blood and to both of the plasma preparations 
10 significantly reduces the clotting time as compared to control values. Thus, silver ion- 
activated recalcification time may be used to assess the coagulability of citrated whole blood, 
platel^-rich plasma and plasma, and provide an assessment of platelet fimction. 

EXAMPLEXVI 

1 5 EFFECT OF METAL IONS AND ANIONS ON RECALCIFICATION TIME OF WHOLE 

BLOOD AND PLASMA 

In fliis expCTim«it the effects of single and combination metal ions or anions on the clotting 
time of citrated >^ole blood were evaluated, 5% aqueous solutions of these compounds were 
20 used, with an incubation time of 10 minutes, following the general methodology above. 
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Sanq>le (if=4) 


Recalcification time (sec) 


Control 


245 ±27 


silver nitrate 


110±28 


sodium tungstate 


331 ±23 


stannous diloride 


217 ±13 




Sample (n=8) 


Recalcification time (sec) 


Control 


267 ±81 


silvCT nitrate 


109±26 


copper sulfate 


555 ±125 


The following eaq^erimoits were performed with citrated plasma. 


San9>le (nr=3) 


Recalcification time (sec) 


Control 


501 ±241 


silver nitrate 


159 ±35 


stannous chloride 


307 ± 75 


copper sul&te 


1761 ±934 


barium chloride 


636 ±222 



20 Based <m fhe above experiments, coppa (Q) prolongs die lecaldfication time of 'whole blood 
and plasma, as does barium; tin (U) reduces tiie recalcification of plasma but has no elEfect on 
that of whole blood. The recalcification times in the presoice of redox active metal salts sudi 
as tin (II) and copper (II) are useful clinical maikers of the effects of therqieutics, and on the 
treatmoit and p ro gr ession of disease. 

25 

EXAMPLE XVn 

THE EFFECT OF COMBINATIONS OF METAL IONS AND ANIONS ON 
RECALCEFICATION TIME OF WHOLE BLOOD 



30 
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The effect of combinadons of copper (II) with tin (U) or selenous acid were evaluated on 
whole blood. Selenousacid wasusedatastockccmceatrationof 2.5%. 



Sample (n=4) 


Recaldfication tune (sec) 


Control 


278 ±43 


copper sulfate 


951 ±240 


stannous dUoride 


252 ±18 


selenous acid 


276±7 


copper sulfate plus stannous chloride 


429 ±92 


copper sulfate plus selenous acid 


585 ±83 



Tin (H) had no effect on whole blood recalcificadon time, but maricedly attenuated the 
prolonged recaldfication time induced by copp^ (II). Selnous acid had a similar effect in 
that it had no effect alone but reduced the prolonged recaldfication time in the presence of 
1 5 copper (II). Thus, coagulation tests employing different redox active metal cations or anions 
and their combinations may be iised to monitor oxidative stress in blood and plasma, and 
direct appropriate treatments thereto. 



20 While the invention has been described and illustrated herein by references to the specific 
embodiments, various specific material, procedures and examples, it is understood that the 
invention is not restricted to the particular material combinations of material, and procedures 
sdected for that purpose. Lideed, various modifications of the invention iii addition to those 
described herein will become ap p arent to tiiose skilled in the ait fiom the foregoing 

25 description and the accompanying figures. Such modifications are intended to fall widiin the 
scope of file amended claims. 

Various publications in addition to the immediately forgoing are cited herein, the disclosures 
of whidi are incorporated by reference in their entireties. 
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1 1. A mettiod for analyzing the blood of a mammal to d^emune the preseaoe or 

2 develc^moit of paAology related to abnonnalities in fhe coagulation state of the 

3 blood of said niammal sequentially compriang: 

4 (1) coUecting a saiBpleofivfaole blood firom said manunal; 

5 (2) prquning at least two aiiquots of blood from said sample; 

6 (3) adding an amount of at least one metal ion reagmt to one of said 

7 aiiquots; 

g (4) measuring the clotting time of the aiiquots; and 

9 (5) correlatingthedifGaraceinclottingtimebetweensaidaliquots to the 

10 pres^ce or development of abnonnalities in the coagulation state of 

11 the blood of said mammal. 

1 2. The method of claim 1 wherein said metal ion reagmt is a solution comprising a salt 

2 of a metal selected bom fhe group consisting of silv^, motsury, lead, cadmium, 

3 barium, copper, tin, tungstate, selenate, and combinations tfaeroof. 

1 3. The m^hod of claim 1 wherein said m^ ion reagent is a soluticm of a silver salt 

1 4. The m^iodofclaim 3 wherem said silvo* salt is silv^ nitrate. 

1 S. Them^hodofdaim 1 wherdb said mrtal ion reagent is a solution of a memiric salt 

1 6. The method of claim 5 wherein said mercuric salt is mercuric diloride. 

1 7, The method of clann 1 wherein die sample of blood of step (1) is collected in the 

2 presence of a calcium-binding antico^:ulant, and the measuremmt of clotting time of 

3 step (4) is initiated by the addition of a calcium salt to said aiiquots. 
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1 8. The method of claim 1 wherein a modulator of blood coagulation added to at least one 

2 of said aliquots at or prior to stq> (4). 

1 9. The method of claim 8 herein the modulator is selected fiom the group consisting of 

2 tissue &ctor, protfarombotic venoms, thrombin, ecarin, homocysteine, platelet 

3 activating factor, fibrinogen, kaolin, celite, adenosine dipho^hate, arachidonic acid, 

4 collagen, ristocetin. Protein C, protein S, antithrombin m, thrombomoduUn, tissue 

5 plasminogen activator, urokinase, str^tokinase, Von Willebrand Factor, cancer cell 

6 extracts, amniotic fluid, tha:apeutic drugs, and combinations thereof. 

1 10. The method of claim 9 wherein the prothrombotic venom is Russells' viper venom. 

1 11. A diagnostic kit for analyzing the blood of a mammal to determine the presence or 

2 developmrat of pathology suspected of causing abnormalities in the coagulation state 

3 of ttie blood of said mammal, said kit comprising at least one container containing a 

4 metal ion reagent. 

1 12. The kit of claim 1 1 wherein said metal ion res^gent is a solution comprising a salt of a 

2 metal selected fiom tfie group consisting of silver, mmury, lead, cadmium, barium, 

3 copper, tin, tungstate, selenate, and combinations thereof 

1 13. The kit of claim 11 wherein said metal ion reagent is a solution of a silver salt 

1 14. The kit ofclaim 13 wherein said silver sah is silver nitrate. 

1 15. The kit ofclaim 1 1 wherein said metal ion reagent is a solution of a m^uric salt 

1 16. The method ofclaim IS wherein said mocuric salt is mercuric diloride. 



1 



17. 



The kit ofclaim 1 1 fiirther comprising a container containing an anticoagulant 



I 
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1 18. The kit of claim 1 1 further comprising a container containing a modulator of blood 

2 coagulation. 

1 19. The kit of claim 18 wherein the modulator is selected fiom die group consisting of 

2 tissue fector, protfarombotic venoms, thrombin, ecarin, homocysteine, platelet 

3 activating &ctor» fibrinogen, kaolin, celite, admosine dipho^hate, arachidonic add, 

4 coUagw, ristocetin. Protein C, protein S, antithrombin m, thrombomodulin, tissue 

5 plasminogen activator, urokinase, streptokinase, Von WiUebrand Factor, cancer cell 

6 extracts, amniotic fluid, then9>eutic drugs, and combinations thereof. 

I 20. The kit of claim 19 who^ the prottrombotic ycaom is Russells' viper venom. 

1 21. A method for analyzing the blood of a mammal to determine die presrace or 

2 development of pathology related to abnormalities in the viscosity of the blood of said 

3 mammal sequmtially ccmqmsing: 

4 (1) collecting a san:q)le of whole blood fiom said mammal in the presence 

5 of an anticoagulant; 

6 (2) prq)aring at least two aliquots of blood from said sample; 

7 (3) adding an amount ofat least one metal ion reagent to one of said 

8 aliquots; 

9 (4) measuring the relative viscosity of the aliquots; and 

10 (S) correlating the difiference in relative viscosity betwe» said aliquots to 

11 the presence or development of almonnalities in the viscosity of the 

12 blood of said mammal 

1 22. The method of claim 2 1 wherein said metal ion reagent is a solution comprising a salt 

2 of a metal selected fix>m the group consisting of silver, m^ury, lead, cadmium, 

3 barimn, copper, tin, tungstate, selenate, and combinations thereof. 



1 
2 



23. The method of claim 21 wherein a modulator of blood viscosity added to at least one 
of said aliquots at or prior to step (4). 
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1 24. The method ofclaim 23 wherein tfie modulator is select^ 

2 of tissue factor, profhrombotic venoms, thrombin, ecarin, homocysteine, platelet 

3 activating ftctor, fibrinogen, kaolin, cetite, adenosine diphosphate, arachidonic acid, 

4 collagen, ristocetin. Protein C, protein S, antitfarombin m, thrombomodulin, tissue 

5 plasminogen activator, urokinase, streptokinase, Von Willebrand Factor, cancer cell 

6 extracts, amniotic fluid, tiienpeutic drugs, and combinations tihereo£ 

1 25. The method of claim 21 wherein plasma is obtained from the whole blood sample of 

2 step (1) and used in the subsequent steps. 

1 26. A diagnostic kit for analyzing the blood of a mammal to detmnine the presence or 

2 development of pathology suspected of causing abnormalities in the viscosity of the 

3 blood of said mammal, said kit comprising a container containing an anticoagulant, 

4 and at least one container containing a m^ ion reagent 

1 27. The kit of claim 26 wherein said metal ion reagent is a solution conq)rising a salt of a 

2 metal selected fiom the group consisting of silver, mercuiy , lead, cadmium, barium, 

3 copper, tin, tungstate, selenate, and combinations tiiereof. 

1 28. The kit ofclaim 26 furtiier comprising a container containing an anticoagul^ 

1 29. The kit of claim 26 furttier comprising a container containing a modulator of blood 

2 viscosity. 

1 30. The kit of claim 29 wherein said modulator is selected bom the group consisting of 

2 tissue &ctor, protfarombotic venoms, thrombin, ecarin, homocysteine, platelet 

3 activating factor, fibrinogm, kaolin, ceUte, adoiosine diphosphate, arachidonic acid, 

4 collage ristocetin. Protein C, protein S, antithrombin m, thrombomodulin, tissue 

5 plasminogen activator, urokinase, streptokinase. Von Willebrand Factor, cancer cell 

6 extracts, anmiotic fluid, tfaenq>eutic drugs, and combinations thereof. 
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1 31. A method for analyzing tise blood of a manmal to detenim 

2 development of pathology related to abnormalities in platelet function in said 

3 mammal sequentially comprismg: 

4 (1 ) collecting a sanq>le of antiooagulated whole blood fix>m said mammal; 

5 (2) prqiaring an aliquot of platelet-rich plasma and an aliquot of platelet- 

6 depleted plasma from said sample; 

7 (3) adding an amount of at least one metal ion reagent to one of said 
S aliquots; 

9 (4) measuring ttie clotting time of the aliquots; and 

1 0 (5) correlating die difiermce in clotting time betwera said aliquots to the 

1 1 presence or development of abnormalities in platelet function of said 

12 mammal > 

1 32. The method of claim 3 1 wherein said metal ion leagoit is a solution conq^risiog a salt 

2 of a metal selected fiom the group consisting of silver, mearcury, lead, cadmium, 

3 barium, copper, tin, tungstate, selenate, and combinations them>f. 

1 33. The melhod of claim 31 wherein a modulator of platelet Amotion added to at least one 

2 of said aliquots at or prior to step (4). 

1 34. The method ofclaim 33 wherein said modulator is selected firom the gmi^consisti^ 

2 of tissue factor, protibiombotic vraoms, thrombin, ecarin, homocysteine, platelet 

3 activating ftctor, fibrino^n, kaolin, cdite, adenosine diphosphate, aiachidonic iK^id, 

4 collagen, ristocetin, Protem C, protein S, antidirombin m, dnombomodulin, tissue 

5 plasminogen activator, urokinase, strqstokinase. Von Willebrand Factor, cancer cell 

6 extracts, amniotic fluid, therapeutic drugs, and combinations thereof. 
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